Student proposals and projects demonstrated the students' mastery of the concepts and critical research needs in the field. The project stimulated preparation of two OTREC proposals by PSU faculty, one of which was successful. At least one student chose Road Ecology as a field of graduate study as a result of the course. Also as a result of the interaction of PSU faculty and students with guest speakers in the seminar series an NSF Integrative Graduate Education and Research Traineeship (IGERT) proposal is under develop in collaboration with UC Davis. This course will be offered regularly at PSU if adequate funding is available.
Road Ecology

EXECUTIVE SUMMARY
A Road Ecology course was offered to upper-division undergraduate students and graduate students at Portland State University (PSU) in 2007 and 2008. The course was well-attended and included students from diverse backgrounds and majors. Guest speakers and field trips provided the students with real-world examples of the environmental impacts of roads and the techniques available for mitigating those impacts. In addition, a seminar series focused on environmental impacts of roads and their mitigation.
A primary objective of the project was to introduce the field of Road Ecology to PSU students and faculty. The project resulted in two new Road Ecology proposals submitted to OTREC, one of which was funded. In addition, one student chose Road Ecology as an area of research as a result of the project. An additional benefit was increased recognition among agency personnel of PSU's interest and capabilities in Road Ecology research.
BACKGROUND AND OBJECTIVES
The American road network is a major economic investment that is a significant organizing force for human activity. The road system has profoundly altered ecological processes and, as a result, it is also an important organizing force for ecosystems.Understanding the ecological consequences of road system design and use is critical to effective engineering and management that may minimize impacts.
Environmental stewardship and workforce training are important components of the U.S. Department of Transportation's Strategic Plan, and the National Highway Research and Technology Partnership's Highway Research and Technology: The Need for Greater Investment report recognizes the importance of environmental issues to infrastructure and operation of the transportation system.
The PSU Environmental Science and Resources Program offers a range of courses that lead to two bachelor's degrees, two master's degrees and a doctoral degree. The department's coursework and research is interdisciplinary and wide-ranging. The program has major research strength in freshwater and marine ecology and air quality. The program houses the Urban Ecological Research Consortium that focuses on ecological impacts of urbanization, including traffic and transportation issues, and the Center for Lakes and Reservoirs/Aquatic Bioinvasion Research and Policy Institute, which addresses water quality issues broadly and transport of invasive species by various vectors, particularly vehicles and ships.
This project was designed to:
 Offer a Road Ecology course to PSU students, exposing them to the major issues and fields of study relating to the environmental impacts of roads;
 Provide a series of seminars to introduce a broad spectrum of PSU students to the Road Ecology field;
 Stimulate interest in Road Ecology research among PSU students and faculty; and  Facilitate collaboration among PSU faculty and students with agencies that regulate and mitigate environmental impacts of roads. The Road Ecology course was a reading and discussion course for upper-division undergraduate and graduate students; it focused on environmental impacts of roads and how they are mitigated. Guest lecturers and field trips brought real-world perspectives to the class and helped students understand current problems and research needs. Students selected topics for peer-reviewed literature, term papers (undergraduate students), research proposals (graduate students), and student-led group lectures.
PROJECT DESCRIPTION
In Spring 2008, the course also included group projects that covered a wide range of topics, but were all designed to have an end product that could be used by researchers, managers or the public. These projects fostered a relationship with external groups including the city of Wilsonville and ODOT, and provided the students with a practical application of the topics. The class allowed students to better understand the major environmental issues associated with road system construction, maintenance and operation. The course syllabus, field trip photos, and guest lecturer title slides are in this report's Appendix. 
STUDENT PRESENTATIONS
In 2007, students organized into groups and prepared lectures on 1) how roads impact wildlife, 2) impervious road surfaces and water quality, 3) how roads contribute to the spread of invasive species, and 4) the effects of roads on air quality. Student groups prepared PowerPoint presentations, provided advance reading material and facilitated the discussion. Students in the audience were asked to evaluate their peers as part of their participation grade. The evaluation form is provided in the Appendix.
In 2008, students prepared individual presentations on key research and ideas on a theme selected from chapters in their textbook Road Ecology (ed. Forman et al.) . Individuals gave an overview of the topic and then supported the main concepts with examples from primary literature sources. Graduate students also were asked to lead the class through a discussion of a scientific paper relevant to their topic.
LITERATURE REVIEWS
Students critically reviewed three (undergraduate) or five (graduate) road ecology-related papers from peer-reviewed journals. Each review included the following elements:  The complete reference (this should be primary, peer-reviewed literature);  A one-or two-sentence summary of the paper;  A deeper, more extensive outline of the paper's main points, including assumptions made, arguments presented, data analyzed and conclusions drawn;  Limitations of the results or new ideas stimulated by the paper; and  Their opinion of the quality of the ideas and the paper's potential impact.  The effect of artificial and natural barriers on the movement of small mammals in Banff National Park, Canada.
TERM PAPERS
 Road impacts on habitat fragmentation and mitigation methods.
 Pavement, water quality, and water quantity: Can permeable pavement mitigate the effects of roads on the environment?
 Why do roads facilitate invasive species? Case studies of Himalayan Blackberry and Scotch Broom.
 Phytoremediation: Using planted roadsides to remove pollutants.
 Specific impacts of road chemicals on wildlife.
 Road networks and habitat fragmentation.
RESEARCH PROPOSALS
Selected titles of research proposals prepared by graduate students in the 2007 Road Ecology course:
 Investigation of control techniques on invasive plant species along roadsides in Oregon.
 Effects of roads on population size and habitat use of the common kingsnake, Lampropeltis getula, in southern Oregon.
 Lichen community composition as a biomonitor of the spatial impact of a highway on a national forest.
 Immediate and long-term effectiveness of wildlife crossing structures.
 Possible facilitation of the spread of spotted knapweed (Centaurea biebersteinii) by increasing mule deer (Odocoileus hemionus) movement through the use of wildlife underpasses in Banff National Park in Alberta, Canada.
GROUP PROJECTS
In Spring 2008, we increased the focus on interfacing with other agencies. Group projects were specifically designed to continue or initiate collaboration with governmental and academic groups within and outside of PSU. Titles of group projects completed by small groups (2-5 people), a brief description and the name and association of their external contact are described below.
Measuring swale effectiveness: A survey of heavy metals and polynuclear aromatic hydrocarbons. Students went to three swales and sampled soils at the inflow, midpoint and exit for metals and PAH contamination. They found that the swales were effectively sequestering contaminants near the inflow, and generally saw a decrease in contaminants in the soils towards the exit. (William Fletcher and Jefferey Moore, ODOT.)
Preliminary assessment of a comparison site for the Boeckman Road Extension Project: Effectiveness of wildlife passages. Students conducted animal and roadkill surveys in a site comparable to the Boeckman Road Extension as selected by the city of Wilsonville. They found that snakes were often the most likely to be killed by traffic, and they also tracked and found signs of several other animals likely to be near the road such as deer, coyote, moles, etc. (Kerry Rappold, city of Wilsonville, and Leslie Bliss-Ketchum, PSU graduate student.)
City-dwelling animals and their interactions with roads: Helping teachers meet science standards for grade 2. Students designed a lesson plan to teach second graders about roads and wildlife. The focus was finding passage for appropriate animals in an urban setting. Students presented the lesson plan in a class as a way of working with the teacher to incorporate these concepts into the curriculum. (Mrs. Kinney, Vernon Elementary.)
Aquatic macroinvertebrates: Insects as indicators of road pollution in streams. Students surveyed a stream for macroinvertebrate insects at three locations -upstream from its intersection with a road, at the road and downstream. Insects found were classified by family and by tolerance to pollutants. They found an overall decrease in abundance of insects, but not a strong change in the tolerance index with respect to position near the road. (Patrick Edwards, PSU instructor.)
STUDENT AND GUEST SPEAKER FEEDBACK
At the end of the Spring 2008 term, the students were invited to submit comments and suggestions about the course (Appendix 4). Students expressed interest in becoming involved with the agencies that came to speak with us and appreciated the real-world application of the topics. This course also sparked an interest in the road system and increased their awareness in the complexities of designing and maintaining road networks in a sustainable fashion. In addition, it gave students the tools, contacts and background necessary to become innovative and thoughtful citizens, researchers and employees in the area of transportation.
Guest speakers also have shown enthusiasm and interest in partnering with PSU students and faculty. William Fletcher with ODOT was pleased with the students' work and hopes to continue to collaborate on a swale monitoring project. Audrey Hatch with ODFW hopes to increase contact with PSU on a GIS project identifying wildlife crossing hotspots in Oregon.
Alison Berry from the UC-Davis Road Ecology Center would like to collaborate with PSU on research projects that would cover large areas of the West Coast.
FURTHER ACTIVITIES
Further activities will result from interest in the subject by a junior faculty member in PSU's Environmental Science and Management Program. Dr. Catherine deRivera was successful in obtaining OTREC support for a graduate student to carry out research on wildlife passage design and effectiveness that was stimulated by this project. Dr. deRivera is willing to continue teaching the Road Ecology course and would like to develop additional research in the area if funding is available.
Secondary outcomes of the project include exposure of 26 students to the field of Road Ecology, and the engagement of PSU faculty and students with agency representatives interested in mitigating environmental impacts of roads. The students who participated have a new appreciation of the impacts of roads and how they are mitigated, and they will carry this into whatever career they pursue. At least one student chose Road Ecology as an area of graduate research. The contacts with agency personnel will permit future collaboration on other aspects of Road Ecology. This is a reading and discussion class that will focus on the environmental impacts of roads and how they can be mitigated. After taking the class, students should understand the major environmental issues associated with road system construction, maintenance and operation. Guest lecturers will bring real-world perspectives to the class that will help students understand current problems and research needs. Reading research papers ("primary articles") is partly a matter of experience and skill, and partly learning the specific vocabulary of a field. If you approach it step by step, even an impossiblelooking paper can be understood.
1. Skimming. Skim the paper quickly, noting basics like headings, figures and the like. A paper with good paragraph structure in the writing will allow you to read the first sentence of each paragraph (the topic sentence) and get a good outline of the main points. This takes just a few minutes. You're not trying to understand it yet, but just to get an overview.
Vocabulary.
Go through the paper word by word and line by line, underlining or highlighting every word and phrase you don't understand. Don't worry if there are a lot of underlinings; you're still not trying to make sense of the article.
There are several things you might do with these vocabulary and concept questions, depending upon the type of question. You can:  Look up simple words and phrases. Often the question is simply vocabulary -what's a lateral malleolus, a christa, or the semilunar valve? A medical or biology dictionary is a good place to look for definitions. A textbook of physiology or anatomy may be a good source, because they provide more complete explanations. Your ordinary shelf dictionary is not a good source because the definitions may not be precise enough or may not reflect the way in which scientists use a word. (For example, "efficiency" has a common definition, but the physical definition is much more restricted.)  Get an understanding from the context in which it is used. Often words that are used to describe the procedures in an experiment can be understood from the context, and may be very specific to the paper you are reading. Examples are the "lithium-free control group" in a rat experiment or the "carotene extraction procedure" in a biochemical experiment. Of course, you should be careful when deciding that you understand a word from its context because it might not mean what you think.  Flag this phrase as belonging to one of the major concepts of the paper -it's bigger than a vocabulary question. For example, a paper about diet and cancer might refer to "risk reduction," which you would need to understand in context and in some depth.
Comprehension, section by section.
Try to deal with all the words and phrases, although a few technical terms in the Methods section might remain. Now go back and read the whole paper, section by section, for comprehension. This requires some focused time with the paper, -it may take several hours.
In the Introduction, note how the context is set. What larger question is this a part of? The author should summarize and comment on previous research, and you should distinguish between previous research and the actual current study. What is the hypothesis of the paper and the ways this will be tested?
In the Methods, try to get a clear picture of what was done at each step. What was actually measured? It is a good idea to make an outline and/or sketch of the procedures and instruments? Keep notes of your questions; some of them may be simply technical, but others may point to more fundamental considerations that you will use for reflection and criticism below.
In Results, look carefully at the figures and tables, as they are the heart of most papers. A scientist will often read the figures and tables before deciding whether it is worthwhile to read the rest of the article! What does it mean to "understand" a figure? You understand a figure when you can redraw it and explain it in plain English.
The Discussion contains the conclusions the author would like to draw from the data. In some papers, this section has a lot of interpretation and is very important. In any case, this is usually where the author reflects on the work and its meaning in relation to other findings and to the field in general.
Introduction
What is the overall purpose and importance of the research? How does the research fit into the context of its field? Is it, for example, attempting to settle a controversy, show the validity of a new technique or open up a new field of inquiry? Do you agree with the author's rationale for studying the question in this way?
Methods
Were the measurements appropriate for the questions the researcher was approaching? Often, researchers need to use "indicators" because they cannot measure something directly-for example, they use change in plant biomass to indicate productivity without accounting for grazing or scenescence. Were the measures in this research clearly related to the variables in which the researchers (or you) were interested? This is a place to look for how the way the authors collected the data may bias the results.
Results
What is the one major finding? Were enough of the data presented so that you feel you can judge for yourself how the experiment turned out? Did you see patterns or trends in the data that the author did not mention? Were there problems that were not addressed?
Discussion Do you agree with the conclusions drawn from the data? Are these conclusions over-generalized or appropriately careful? Are there other factors that could have influenced, or accounted for, the results? What further experiments would you think of to continue the research or to answer remaining questions?
Your Assignment
For this class, you need to write a short, two-page (max) review of several papers of your choosing relating to some aspect of road ecology. Although this may sound like a simple assignment, I expect that it will take a significant amount of time, especially in the beginning. (Remember, I am expecting it to take several hours just to read the paper!) Keeping the above in mind as you read the paper should make the process easier.
Your one-to two-page review should include the following:  The complete reference (this should be primary, peer-reviewed literature -if you have questions about whether a particular paper meets these criteria, talk to me);  A one-or two-sentence summary of the paper;  A deeper, more extensive outline of the main points of the paper, including assumptions made, arguments presented, data analyzed and conclusions drawn;  Limitations of the results or new ideas stimulated by the paper (remember that good science typically produces more questions than answers); and  Your opinion of the quality of the ideas and the potential impact of the paper. Course Objective: This is a reading and discussion class that will focus on the environmental impacts of roads and how they can be mitigated. After taking the class, students should understand the major environmental issues associated with road system construction, maintenance and operation. Guest lecturers will bring real-world perspectives to the class that will help students understand current problems and research needs. Students will also acquire research skills through an individual report and presentation that require a review of primary literature. Scientific reasoning skills and strategies will also be used to complete group projects looking at the ecological effects of the road system. o Communicate and collaborate with your classmates on group assignments. o Read assigned papers and come to class prepared for discussions. o Good grammar, clear structure and scientific reasoning will all be incorporated into your grades. Academic Conduct:  Familiarize yourself with the academic code in the University catalog.  There are many forms of plagiarism, including:
APPENDIX B: COURSE SYLLABUS 2008
Road Ecology
o Copying word for word without quotation marks and proper citation; o Closely paraphrasing without proper citation; and o Be especially careful of information obtained from the Internet. In general, for your written work do not cite work from the Web. Follow the information to its source and cite the primary, peer-reviewed literature.
Text: Road Ecology: Science and Solutions
Grading: Grading: 90-100%=A; 75-89%=B; 60-74%=C; 45-59%=D  Participation: A key portion of your grade will be based on the degree to which you are prepared for and participate in class discussions, ask and answer questions, and remain attentive to your peers on a daily basis. Participation will be graded for a total of at least 10 points per day. Attend/prepared for class = 5 points, contribute once = 7, multiple contributions = 10. Particularly insightful comments and questions can earn more points!  Paper discussions: For each paper we will discuss in class, please read the paper carefully and come to class with at least three questions or comments written up. These will be turned in after each discussion and will count for the "preparedness" portion of your participation score on the relevant days.
 Projects: Select from one of the group projects. Conduct your project with your group outside of class plus in available class time. You will earn points for participation based on a self and peer evaluation (25 points), from a written product from your project (50 points) and from a brief group presentation to the class (25 points).
 Individual (or small group) paper and presentation: o Undergraduate students: Select a chapter from the text book or a review paper as the starting point for your paper. Use the references therein (or other primary references) to write a review (maximum of five pages) of key research and ideas on the theme. Include in your review an evaluation of at least five primary references (that you have read carefully). Prepare and give a 15-to 20-minute Presentation, including time for questions.
o Graduate students: Select a topic in road ecology and write a paper that synthesizes the current state of the research. Your review should be a maximum of seven pages and include at least 12 primary reference papers. Prepare and give a 20-minute presentation for the class, including time for questions. Select a paper or review for distribution to the class along with discussion questions for your peers to answer. These should be on the same topic as your written paper and presentation. Distribute these to the class one week before your presentation. Lead a 20-minute discussion on the article in class after your presentation. Topics and themes for projects:
Students will add a comparative aspect to the study, "The Effectiveness of Vertebrate Passage and Prevention Structures: A Study of Boeckman Road in Wilsonville." Students will assess multiple roads, including the Boeckman extension, for evidence of passage where structures are in place. As in the main study, wildlife use of structures will be monitored using trail monitors, gypsum powder and observation. The effectiveness of the structure, or the need for passage structures, will be assessed through roadkill surveys. Biweekly species-specific roadkill counts and road crossing surveys (gypsum, pellet counts, and observation) will be conducted in April and May in areas with structures, areas along the roads beyond the structures, and, in matched habitats, along roads that lack passage structures. Our partners at ODOT will help us select comparison roads for the Road Ecology class study.
Roadside plantings of a variety of species of plants are conducted in part to reduce runoff and air pollution. Evaluate the effectiveness of several different species of common plants that are found in the same area (freeway adjacent, slope plantings, etc.). Plants can be expected to have varying rates of contaminant uptake rates and contaminant retention (in particular, heavy metals). We are interested in the fate of these heavy metals, whether they are retained in the plant tissues or released back into the environment once the leaves drop or tissues senesce, so sampling should cover several different plants of varying ages. Samples can be prepared and submitted to the OHSU Metals lab for evaluation. This information and recommendations based on this project will be submitted via William Fletcher to ODOT.
Evaluate the effectiveness of swales or retention ponds on water quality. Swales are open channel drainage ways that are used to filter and channel stormwater runoff. ODOT's William Fletcher will work with you to identify swales that are safe to access. Sediment cores can be taken at the surface and at depth to look for accumulation of lead along different roadsides as well as particle size analysis. Similar analyses can be conducted in retention ponds. Students can sample grain size and contaminant levels at the entry and exit points in the ponds.
Select your own project! We would like your project to focus on a road ecology topic with an end product that can be used by researchers, managers or the public.Your independent project should include an impact statement outlining how your work will be used by any of the above. Some examples include an informational video with interviews about the impact of roads on the distribution of species; a guide including the distribution and description of Oregon's roadside species and contact information for reporting sightings; an instructional unit about road ecology for teachers that will address state science standards; or evaluate the effectiveness of different types of fish passages. Did the speakers adequately cover important aspects of this problem and provide sufficient time for discussion?
Circle the best choice; 1 = poor, 5 = excellent 1 2 3 4 5 Relevance of the advance reading provided by the group 1 2 3 4 5 The group appears to understand the topic 1 2 3 4 5 Level of preparedness by the group 1 2 3 4 5 Equal participation by all group members
Mechanics of the presentation
Was the group engaged with the audience and did group members handle post-presentation clearly and concisely?
Did you find the presentation effective? For example, were slides superfluous, confusing, clear or helpful?
Circle the best choice; 1 = poor, 5 = excellent
Recommendations for the group:
If applicable, can you suggest an alternative structure to the presentation?
What were the strengths and weaknesses of the presentation? Q: What was the most valuable thing you learned in this course?  To take an interdisciplinary approach when looking at a subject as complex as Road Ecology. I think it was valuable to learn about our impacts on the environment and the types of problems that are out there and how to solve those problems. I am interested in getting involved with those programs, so it was nice to see what agencies are out there.  Learning about roadside plants is fascinating. Before I just thought, "Why don't they just have all native plants along roadsides?" Now I understand the reasons for placement and spacing and certain species are better and easier to maintain, etc. There is so much room for improvement!  That we need to look at the environmental issues at the beginning -not at the end!  How much our roads and vehicles REALLY effect not only our wildlife but our quality of life as well.  The most valuable thing I learned was that roads fracture animal populations. I never even thought about it before.  How great of an affect our roads have on the environment and wildlife.  When thinking about road ecology, I really only thought of the environmental issues. I learned a lot about how roads affect wildlife.  I learned how concern about roads affects the U.S. because in Thailand there are less concern about these topics. Also I never studied any course about road ecology before.  1 -the nature of compound effects of road networks. 2-RTF is the man.  The interrelationship of all the variables affected by roads makes research and evaluation difficult. Understanding impacts requires accounting for a lot of variation, and there is rarely a one-size-fits-all solution to the problem of roads.  I think Linda George's insight on biodiesel-driven engines in comparison with standard diesel engines was the biggest shocker, and I will look more closely into alternatives before I endorse them.  The importance of education about this area. I had never heard of it before!  Fish passages are very specific and one mishap could ruin them.
Q: What was your favorite aspect of this course?
 Guest speakers -the variety of talks helped to give me a broad perspective and new subject matter kept the class engaging and interesting.  When I drive, I notice so much more about my surroundings, and I know more about the interactions and reasons behind planning of roadsides.  My favorite aspect was fish passage! How to facilitate it and reduce our impact on anadromous fish.  All of it is very real-world applicable.
